
November 24, 2014

Via Electronic Mail

Mr. Will Geiger (3HS21)
Eastern PA Remedial Branch
United States Environmental Protection Agency – Region III
1650 Arch Street
Philadelphia, Pennsylvania 19103-2029

Re: Response to Comments on Sheet Pile Wall Repair Work Plan
Metal Bank NPL Site, Philadelphia, Pennsylvania, October 2014

Dear Mr. Geiger,

We have reviewed the United States Environmental Protection Agency (USEPA) November 3, 2014,
comments to the October 2014 Sheet Pile Repair Work Plan for the Metal Bank Cottman Avenue 
Superfund Site (the “work plan”).  This letter represents our response to these comments.  We have 
made several changes to the work plan based on the USEPA comments.  An updated version of the 
work plan will be transmitted to you for review under separate cover.  

This letter follows the organization of USEPA’s comment letter, which identified four issues, 
numbered sequentially from 1 to 4.  Our responses to each of USEPA’s comments are provided 
below, with an indication of which changes, if any, were made to update the work plan:

Comment 1: The plan essentially identifies a single repair option and does not address the root 
cause of the damage / failure.  An evaluation of the root cause(s), and the subsequent repair 
proposal, should be included in the work plan.  The evaluation should specifically address the 
placement of the deadmen in structural fill, including fill placed behind the wall at the time of its 
installation.

Response: Although ENVIRON and RAC considered other repair options as part of the 
original analysis of the sheet pile wall, we agree with the commenter that we failed to present 
these other repair options in the work plan.  We have revised the work plan to include the 
principal alternative option considered during the analysis of this structure (see Section 3.2 of 
the updated work plan). Regarding the root cause analysis, we refer the commenter to 
section 2.2 of the work plan, which states that the design of the sheet pile wall did not account 
for the additional stress at low tide, and is as a result, under-designed. Further, the 
geotechnical analysis performed by RAC indicated a global stability issue or potential global 
failure.  Global failure is caused by a failure of the soil below the sheet pile wall and structural 
fill surrounding the deadmen, and, as such, the evaluation did consider the deadmen and 
structural fill, though it was not explicitly stated in the work plan. 

Comment 2: The proposed berm is permanent fill that requires mitigation under the Clean Water Act.  
Alternative repair options must be considered as part of the mitigation analyses.  Any work plan or 
repair proposal must include a mitigation plan.
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Response: This comment is a compound comment consisting of several separate 
statements.  The first and third statements in this comment note that the proposed riprap 
buttress will require mitigation and a mitigation plan. Based in part on the fact that this 
proposed repair will create less of an impact than the original remedy, and since the original 
remedy at the site did not require a mitigation plan, the proposed repair also does not require 
mitigation.  As a point of reference, the marine mattress placement and the nearshore 
sediment removal affected areas of approximately 1.2 and 1.0 acres, respectively, whereas 
the proposed riprap buttress is expected to impact less than 0.5 acres.

In a second statement, the commenter states that alternative repair options must be 
considered. As described in our response to Comment 1, we have added an alternative repair 
option to the updated work plan (section 3.2). The alternative option is the “upland option”, 
which consists of repairing the cracked waler and installing an additional row of deadmen, 
offset from the original deadmen and located at a deeper soil depth and at a greater distance 
from the sheet pile wall.  The new row of deadmen would be secured to an additional waler 
with tie rods, similar to the original deadmen installation.  Significant excavation would be 
required under this approach.  With the upland repair option, greater than 1 acre of the soil 
cover would have to be removed and replaced.  In addition, the surface vegetation in the 
disturbed areas would have to be restored, which would take greater than 3 years to re-
establish.

Though we have included a description of this alternate approach in the updated work plan, 
we will not be recommending this alternative approach be implemented at the site for the 
reasons described below.  Compared to the originally proposed repair option described in the 
work plan, the alternative option:

Does not minimize disturbance of previously constructed remedy components, such as the 
upland soil cap, the underlying polychlorinated biphenyl (PCB) contaminated soils, or the 
nearshore backfill area;
Will result in some site soils migrating into the river environment during remedy 
implementation, despite implementation of best erosion control practices;
Does not represent a practical approach that can be constructed in the near term; and, 
Does not minimize the disturbance of the restored upland and intertidal habitat adjacent to the 
sheet pile wall.

We have included a description of these additional considerations in Table 2 of the updated 
work plan.

Comment 3: The extensive use of riprap will obscure direct inspection of the wall below elevation 0.  
This will eliminate the ability to observe any seepage / sheen potentially associated with the failure of 
other components of the remedy.

Response: We agree that it is necessary to evaluate whether PCB oils are migrating off-site.
However, we do not share the commenter’s concern that the placement of riprap limits our 
ability to do so. As part of the final remedy, a light nonaqueous-phase liquid (LNAPL)
interceptor trench was installed near the sheet pile wall to determine if PCB oils were at risk of 
migrating off-site.  The proposed placement of the riprap will not affect the LNAPL trench or its 
ability to evaluate the presence of PCB oils.  In addition, it warrants stating here that no oil 
sheens have been observed in the LNAPL trench since its construction in 2009 and PCB 
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concentration in groundwater at the Site are consistently below drinking water standards
(even though these standards do not apply to this site).

Comment 4: It should also be noted that proposed berm will eliminate habitat for aquatic biota.  
As such, it constitutes natural resource damage in perpetuity that was not included in the remedy 
evaluation.  Because of this and the previously noted 404 considerations, the BTAG strongly 
recommends that alternative repair approaches with minimal or temporary effects to the river 
habitat be considered and presented for consideration.

Response: In response to this comment, we have presented an alternative repair approach in 
the update work plan (section 3.2).  As mentioned previously, the alternative approach is an 
option we refer to as the “upland option,” which minimizes effects to the river habitat.  However, 
as discussed in our response to Comment 2 and section 3.2 of the updated work plan, we do not 
propose the upland option be implemented at the site.  Table 2 in the updated work plan 
provides a side-by-side analysis of the upland and the riverside repair options.  The riverside 
option outperforms the upland option in almost all areas.  With respect to the commenter’s 
concerns regarding the loss of aquatic habitat quality under the riverside option, we do not 
believe this to be significant for the following reasons: 

1. As documented in the Long Term Monitoring Annual Reports, the mudflat represents a low 
quality habitat with low abundance and diversity. This is likely due to the physical nature of 
the habitat and the low abundance and diversity observed in similar oligohaline - limnetic 
intertidal mudflat habitats such as the reference areas. The proposed repair will only impact 
a small area of the current mudflat (<0.5 acres).

2. The riprap will be confined to the dredge area. Dredge fill was composed of R-3 stone with 
a nominal size of 3–6 inches. The placement of additional riprap with a similar or larger 
stone size does not represent a dramatic alteration of the characteristics of the substrate. 
R-3 stone is unsuitable for many infaunal organisms, and therefore the placement of a 
riprap berm does not represent a loss of habitat.

3. As documented in numerous references (Friesen 2005; Davis et al. 2006; and White et al. 
2009) the current sheet pile retaining wall represents a very low quality habitat. Currently 
the retaining wall provides limited cover for fish and only an exposed vertical wall for the 
settlement of epifauna.  By buttressing the retaining wall with large stone, complex habitat 
will be created (Quigly and Harper 2004). This habitat will provide cover for fish and 
invertebrates, crevasses and sediment pockets that will protect organisms from desiccation
during low tide, and a reef like habitat during high tide (Friesen 2005). Davis et al. (2006) 
and White et al. (2009) reported greater abundance and diversity in riprap as compared to 
bare sediment. As documented in the papers included in Friesen (2005) for the Lower 
Willamette River, a freshwater intertidal habitat that is similar to the Delaware River, stone 
riprap represents a shoreline stabilization technique that provides complex habitat that is
superior to a simple retaining walls and does not reduce species abundance and diversity 
when compared to bare sediment.
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Should you have any comments or questions related to our responses, don’t hesitate to contact me.

Sincerely,

Joseph Vitale, PE, LSP
Principal Consultant

Cc: Cottman Avenue PRP Group
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1 Background
Installation of the sheet pile wall at the Metal Bank Cottman Avenue Superfund Site (“the Site”) 
was completed in 2010, as a component of the final remedy selected for the Site.  The primary 
purpose of the sheet pile wall is to prevent the erosion and potential migration of upland soils 
into the Delaware River and surrounding mudflats. A site plan showing the location of the sheet 
pile in relation to the Site is provided below.

Following the installation of the sheet pile, routine monitoring has been performed to evaluate 
the physical and structural integrity of the sheet pile.  Signs of movement in the sheet pile were 
first observed during a site inspection in 2012.  Subsequent inspections and evaluations have 
determined that certain components of the sheet pile are damaged and that repairs appear to 
be warranted.  This work plan describes the results of the structural sheet pile evaluations and
provides recommendations for repairs.  This document is being presented for review by USEPA 
as an initial deliverable to address the identified issues.  More detailed plans and specifications 
will be prepared and provided to USEPA once the scope of work presented in this document 
has been accepted in concept.  The flaws identified by our analysis have, to date, not 
compromised the sheet pile’s ability to prevent offsite soil migration.  

Sheet pile

Wall

Site
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2 Current Sheet Pile Condition
2.1 Sheet Pile Inspections
Sheet pile inspections were performed in November 2012 and April 2014 by RA Consultants 
(RAC), an independent geotechnical engineer retained by the Cottman Avenue PRP Group (the 
Group).  RAC made the following observations of current sheet pile conditions:

The north side of Zone 1 shows movement of the sheet pile wall system. The epoxy
coating on the face of the wale has been scraped and removed providing evidence that
the tieback plates have moved relative to the wale. 

In addition, the wale and sheet pile wall appear to be bowing with the apex of the bow at 
the bolted connection and there appears to be additional movement of the tieback plates 
relative to the wale.
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Cracks and separation of the wale were observed where the sheet pile wall changes
direction (turns east) in Zone 2. The miter cut and joint where the wales meet at the
corner was cracked. The cracks appear to be stress (tension) cracks. The wale cracked
(failed) at this location due to movement of the wall toward the river.

The west side of Zone 3 shows signs of movement of the sheet pile wall system. The
epoxy coating on the face of the wale has been scraped and removed providing
evidence that the tieback plates have moved relative to the wale. No landside access to
this area. No significant signs of movement observed from the watercraft.
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2.2 Geotechnical Modeling and Analysis
RAC performed geotechnical modeling and analysis to evaluate the cause of the observed 
sheet pile movement.  Refer to Appendix 1 for RAC’s detailed geotechnical modeling and 
analysis of the sheet pile wall.  Specifically, RAC sought to gain a better understanding of why 
the Zone 2 wale failed and why the sheet pile wall moved at the Zone 1 return section.  Using 
state-of-art geotechnical software, RAC simulated the loads on the tie-rods and the lateral loads 
on the sheet pile wall under high and low tide conditions for all three zones. These simulations
allowed RAC to assess the likelihood of imminent structural and/or global stability failure 
occurring in the various zones of the sheet pile wall. 

Structural failure describes the movement of the sheet pile wall above the mud line in the 
direction of the river.  Global stability failure describes the overall movement of the sheet pile 
over the entire length of the wall above and below the mud line in the direction of the river. The 
two types of failure are represented schematically below.

RAC’s review indicated that previous geotechnical analyses of as-built conditions were 
performed for high water conditions only. RAC analyzed both the high water and low water 
conditions, and obtained the following modeled results:

High water conditions: The simulated tie-rod loading (114.84 Kips) slightly exceeded the 
allowable tie-rod loading (108 Kips).  The global stability failure envelope extends 38 feet
laterally, just 2 feet short of the distance to the dead men (40 feet), providing minimal 
protection against sliding failure. The sheet pile wall is not materially overstressed and 
insignificant movement of the wall is anticipated.
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Low water conditions: The simulated tie-rod loading (206.52 Kips) significantly 
exceeded the allowable tie-rod loading (108 Kips).  The global stability failure envelope
extends 41 feet laterally, which is beyond the position of the dead men, providing no 
protection against sliding failure. The sheet pile wall is locally overstressed at the tie-
rods and significant movement of the wall is anticipated. The additional stresses under 
low water conditions are likely a major contributor to the wale failure and movement of 
Zone 1 return wall observed in the field.

Based on RAC’s analysis there is insufficient safety built into the sheet pile design in its current 
condition.

5



3 Recommendations
3.1 Option 1 – River-side Repairs
A first option to address the issues identified during the geotechnical analysis is to repair the 
cracked waler and place rip rap on the river side of the sheet pile wall up to elevation 0 (Option 
1).  These repairs address both the structural and global stability of the sheet pile wall under low 
water conditions. A schematic of the proposed Option 1 is shown below.

RAC recommends performing the waler repairs after the rip rap has been placed. A schematic 
of the proposed waler repairs in areas of visible cracks or separation is shown below. 
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At the direction of ENVIRON, Aqua Survey, Inc. (Aqua Survey) conducted a near-shore 
bathymetric survey to provide the information necessary to estimate the quantities of rip rap 
needed to raise the mud line to elevation 0. The details of this bathymetric survey are 
presented in Appendix 2.

In addition to the repairs proposed above, RAC previously recommended a detailed topside 
survey program to measure the movement of the wall in the x, y, and z directions, and evaluate 
the immediacy of the proposed repairs.  The survey program was implemented in September 
and October 2014, and is scheduled to continue every month until the end of the calendar year. 

3.2 Option 2 – Upland-side Repairs
A second option to address the issues identified during the geotechnical analysis is to repair the 
cracked waler and install an additional row of deadmen, offset from the original deadmen and 
located at a deeper depth and at a greater distance from the sheet pile.  The new row of 
deadmen would be secured to an additional waler with tie-rods, similar to the original deadmen 
installation (Option 2).  These repairs address both the structural and global stability of the sheet 
pile wall under low water conditions.  A schematic of the proposed Option 2 is shown below. As 
shown in the plan view image, Option 2 would require the excavation of soil cap and underlying 
contaminated soils from the sheet pile to the new line of deadmen, approximately 50 feet inland.
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3.3 Option Analysis
In order to evaluate the two proposed options, we considered a set of decision criteria, shown in 
Table 1, on the following page.  These criteria were based on how the repair options are 
expected to affect existing remedial components, habitats, and erosion potential, and how 
practical and implementable each option is expected to be.
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Table 1: Additional Analysis of Proposed Repair Options 1 and 2

Decision Criteria Option 1 
(River-side Repair)

Option 2 
(Upland-side Repair)

Disturbance of 
upland soil cap

Minimal. Minor surface disturbance 
possible from heavy equipment traffic 
during rip-rap placement.

Severe. Entire soil cap will be 
excavated between the sheet pile and 
proposed deadmen 50 feet inland.

Disturbance of PCB 
contaminated soils

None. Severe. PCB contaminated soils will 
require handling and excavation to 
install new proposed deadmen.

Disturbance of near-
shore backfill area

Minimal. Minor disturbance may occur 
during placement of rip-rap.

None.

Effect on erosion
potential

Minimal. Surface traffic during rip-rap 
placement may cause temporary and 
minor surface erosion.

Severe. Heavy soil disturbance 
expected from excavation activities. 
Excavated portion of the site will be 
devegetated.

Practicality High. Relatively straightforward land-
side placement of inert material on 
river-side of sheet pile.

Low. Removal of previously 
implemented remedy components and 
handling of PCB-contaminated soils not 
considered highly practical.

Implementation 
Timeframe

Short term. Implementable within 6 
months.

Medium term. Implementable within 1 
year.

Effect on restored 
upland habitat

Minimal. Minor disturbance may occur 
during placement of rip-rap.

Severe. Upland habitat will be removed 
during excavation.

Effect on restored 
intertidal habitat 
adjacent to sheet 
pile

Moderate-Slight Enhancement.
Intertidal area is a low-quality habitat 
that does not support a large number of 
species. Rip-rap placement will bury a 
small amount of mudflat habitat. The 
current sheet-pile wall is very low 
quality habitat. The addition of a riprap 
buttress is expected to result in a net 
enhancement of habitat adjacent to the 
wall.

None.
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Based on the above, we recommend Option 1 (River-side Repair) for implementation at the 
Site.

To confirm that the proposed option provides the structural and global stability needed, RAC re-
ran the geotechnical model under low water conditions for the river-side repair option.  Table 2,
below, summarizes the results of RACs analysis:

Table 2: RAC Geotechnical Analysis of Proposed Repairs for River-side Repair Option

Sheet pile Wall Zone

Structural Stability Global Stability

Predicted
Stress
(Kips)

Allowed
Stress
(Kips)

Predicted 
Safety 
Factor

Required 
Safety 
Factor

Zone 1 
(Tidal Mudflat Side) 75 <108 1.96 >1.5

Zone 2 
(Confluence of River and Mudflat Side) 81 <108 2.135 >1.5

Zone 3 
(River Side) 41 <108 1.81 >1.5

The results of the model show that the proposed repair option is an effective solution, and 
increases both the structural and global stability to acceptable levels.

3.4 Next Steps
In addition to continuing the monthly sheet pile wall surveys through the end of the year, we 
propose to develop design drawings and technical specifications to support the Group’s efforts 
to retain a contractor to execute the proposed repair.

4 Closing
This document provides the proposed conceptual approach to repair the sheet pile wall at the 
Site.  More detailed design drawings and specifications will be prepared following your approval 
of the approach and the completion of additional survey work.  Should you have any questions 
or comments regarding the contents of this document, don’t hesitate to contact me.

Joseph Vitale, LSP, PE
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Appendix 1

RA Consultants LLC 
Sheet Pile Wall Analysis

October 14, 2014

ENVIRON
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Figure 5 – Typical Design Profile (Analysis Section A) 

When Analysis Section A was analyzed using SLOPE/W, a FS of 2.225 was calculated against 
failure (Figure 6).  Similarly, Prosheet calculated a required sheet pile penetration of just over 
35.5 feet, yielding a FS of 3.335 (Figure 7).  The FS calculated in the ProSheet program is a 
function of the allowable stress available in the sheet pile section selected and maximum stress 
calculated in the wall section.  Also to note is that the calculated required anchor force, 6.33 kips 
per foot of wall, or approximately 76 kips, is less than the specified 108 kips for this section of 
wall.  This indicates that the anchors are not overstressed. 
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Figure 6 – Analysis Results for Section A 

Figure 7 –ProSheet Output 
for Section A 
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Sheet Pile Repair Work Plan  
Metal Bank Cottman Avenue Superfund Site

Appendix 2

Aqua Survey, Inc. Near-shore Bathymetric Survey
conducted on October 10, 2014

(Not included in this draft)




